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BY  HENRY  G.  BEYER,  M.D.,  PH.D.* 

Water,  where  used  in  the  form  of  baths, 
affects  the  human  body  chiefly  in  two  ways, 
namely:  through  its  mass,  and  through  the 
temperature  which  it  carries.  As  regards 
the  human  body  itself  we  may,  furthermore, 
speak  of  a direct  and  an  indirect  action  of 
water.  Whenever  water  is  employed  merely 
for  purposes  of  personal  cleanliness,  it  is  for 
its  direct  effect  on  those  tissues  with  which  it 
is  brought  in  contact.  When,  however,  one 
wishes  to  employ  this  fluid  to  influence  re- 
mote parts — those  with  which  it  cannot  be 
brought  into  immediate  contact — then  it  is 
its  indirect  influence,  exerted  through  the 
nervous  system,  that  must  be  called  into  play. 
While  both  these  different  effects  must  more 
or  less  overlap  one  another,  and  can,  in  prac- 
tice, be  scarcely  separated,  it  is  well  always  to 
keep  this  physiological  distinction  in  mind. 

The  study  and  investigation  of  the  physio- 
logical effects  of  water  can  scarcely  be  said 
to  have  received  much  serious  attention. 
Nearly  all  that  is  known  of  its  physiological 
and  its  therapeutic  effects  is  due  to  Wilhelm 
Winternitz  and  his  pupils,  whose  unshaken 
and  lifelong  faith  in  its  efficacy  merits,  at 
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least,  admiration.  It  would  seem  almost 
superfluous  to  state  that  a knowledge  of  the 
normal  or  physiological  action  of  water  of 
different  temperatures,  and  of  its  different 
forms,  is  essential  to  its  intelligent  employ- 
ment, since  in  the  case  of  all  newly  adopted 
or  discovered  therapeutic  agencies  an  inves- 
tigation into  physiological  properties  is  gen- 
erally the  first  thing  demanded. 

Experiments  have  shown  that  different  tis- 
sues of  the  body  react  differently  toward 
water  of  different  degrees  of  temperature: 
thus,  connective  tissue  expands  under  the  in- 
fluence of  hot  and  contracts  under  that  of 
cold  water,  while  elastic  tissue,  on  the  other 
hand,  reacts  like  soft  rubber — that  is  to  say, 
it  can  be  made  to  contract  by  hot  and  to 
expand  by  cold  water.  In  the  case  of  the 
human  skin,  the  elastic-tissue  elements  seem 
to  prevail  within  temperature  limits  ranging 
from  320  to  1450  F. 

When  it  is  remembered  that  98.6°  F.  is  the 
temperature  which  is  maintained  by  man,  with 
little  variation,  in  all  climates,  so  long  as  he 
is  in  a normal  condition  of  health,  this  degree 
may  be  called  his  temperature  optimum.  All 
the  chemical  processes  and  all  the  physiolog- 
ical functions  that  are  essential  to  life  must 
be  best  performed  at  this  temperature,  and 
the  function  of  a most  complicated  heat- 
regulating  mechanism  is  in  constant  requisi- 
tion to  maintain  it.  Consequently,  water 
which  has  an  exclusively  direct  and  merely 
local  effect  on  the  body  and  its  functions 
must  be  of  a temperature  that  does  not  in 
the  least  interfere  with  either  heat-produc- 
tion or  heat-radiation;  this  temperature  may 
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perhaps  vary  within  certain  limits,  for  the 
average  individual  is  probably  superficially  a 
few  degrees  below  98.6°,  and  may  be  said  to 
be  of  the  temperature  of  a water  which  feels 
neither  warm  nor  cold  to  him. 

When  one  recalls  the  fact  that  remote  tis- 
sues and  the  deeper  organs  must  naturally  be 
affected  by  bodily  contact  with  a water  of 
either  higher  or  lower  temperature  than  that 
just  mentioned,  and  when,  furthermore,  it  is 
realized  that  this  effect  must  be  the  greater 
the  larger  the  temperature  difference  is,  he 
begins  to  appreciate  that  water  may  become 
a most  powerful  factor  for  good  or  evil, 
according  to  its  application,  which  should 
always  be  governed  by  a knowledge  of  its 
normal  physiological  properties. 

It  has  also  been  experimentally  demon- 
strated that,  during  bathing,  an  electrical 
current  passes  from  the  warm  to  the  cold 
medium;  that  is  to  say,  in  a bath  which  feels 
cold  there  is  a descending  electrical  current, 
and  in  one’  which  feels  warm  there  is  an 
ascending  current.  The  strength  of  these 
currents,  as  can  be  readily  imagined,  must 
vary  in  direct  proportion  to  the  temperature 
difference  existing  between  the  body  and  the 
water  surrounding  the  same.  And  these  cur- 
rents, thus  called  into  existence,  must  either 
weaken  or  strengthen  the  normal  nerve-cur- 
rents which  are  constantly  present  in  the 
living,  active  body:  thus,  the  normal  efferent 
motor  current  is  directly  strengthened  by  a 
cold  bath,  hence  the  inclination,  when  in  a 
cold  bath,  to  make  rapid  muscular  move- 
ments; and  in  such  a bath,  for  similar  rea- 
sons, the  normal  nerve-current  in  afferent 
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nerves  must  be  weakened.  Another  observa- 
tion of  some  importance  in  this  connection  is, 
that  a certain  amount  of  swelling  by  absorp- 
tion takes  place  whenever  the  body  is  kept 
in  contact  with  water  for  a length  of  time. 
Now,  a calming  effect  is  said  to  be  produced 
whenever  this  swelling  by  contact  is  greater 
than  the  electrical  current  is  strong;  an  ex- 
citing effect,  on  the  other  hand,  is  produced 
whenever  the  electrical  current  preponder- 
ates. 

The  prompt  disappearance  of  the  itching 
sensation  about  the  skin,  whether  normal  or 
diseased,  and  of  the  feeling  of  general  fa- 
tigue, when  the  body  is  subjected  to  the 
influence  of  a hot  bath,  is  explained  by  the 
swelling  which  takes  place  in  the  peripheral 
termination  of  the  nerves  of  general  sensa- 
tion. 

The  existence  of  special  endings  of  tem- 
perature nerves  in  the  human  skin  having 
been  conclusively  demonstrated  not  only  by 
physiological  experiments  but  by  clinical  and 
pathological  observation,  it  is  probable  that 
it  is  through  these  that  the  greater  portion  of 
the  reflex  effects  due  to  water  are  produced. 
In  any  event,  every  known  fact  so  far  as- 
certained seems  to  point  to  the  nervous  sys- 
tem as  being  the  channel  through  which 
water  of  varying  degrees  of  temperature  af- 
fects the  normal  functions  of  the  body  in 
bathing.  The  refreshing  and  restorative  qual- 
ities of  a cold  douche  after  having  taken  a 
certain  amount  of  exercise  are  well  known, 
and  all  are  equally  well  acquainted  with  the 
power  of  a few  drops  of  cold  water  thrown  into 
the  face  of  one  seized  with  syncope.  It  must 
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be  kept  in  mind  also  that  the  normal  excita- 
bility of  nerve-endings  in  the  skin  may  be 
increased  or  diminished  by  contact  with 
water  of  different  degrees  of  temperature, 
for  experiments  made  with  the  sesthesiometer 
of  Sieveking  have  proved  that  hot  water  will 
increase  and  cold  water  diminish  excitability 
to  a great  degree,  even  to  the  production  of 
complete  anaesthesia. 

Besides  these  local  effects  on  the  nerve- 
endings  and  their  functions,  we  must  take 
into  account  the  reflex  effects  produced  upon 
the  motor  and  inhibitory  nerves.  Contrac- 
tion of  both  voluntary  and  involuntary  mus- 
cles can  be  induced  reflexly  by  the  applica- 
tion of  cold  water;  moderate  chilling  will 
invariably  induce  contraction  of  the  capil- 
laries and  smaller  arteries  and  veins,  while 
moderately  hot  or  warm  water  will  cause 
their  dilatation,  thus  plainly  evidencing  a re- 
flex influence  upon  the  vaso-motor  portion  of 
the  sympathetic  nervous  system. 

The  great  vascular  dilatation  that  follows 
upon  a merely  temporary  contraction  in- 
duced by  very  cold  water  is  an  example  of 
stimulation  of  the  inhibitory  and  the  vaso- 
dilator nerves  by  this  means;  and  all  have 
no  doubt  observed  sad  cases  in  which  a tem- 
porary blanching  of  the  surface  of  the  skin 
was  immediately  followed  by  hypenemia  suc- 
ceeded by  stasis  and  congestion. 

That  we  have  here  to  deal  with  reflex 
phenomena  is  still  further  proven  by  the  fact 
that  the  contraction  of  the  capillaries  and  of 
the  smaller  arteries  and  veins  is  not  confined 
to  the  spot  where  the  application  of  cold  is 
made,  but  is  observed  also  at  remote  points. 
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If,  for  example,  a sphygmograph  be  applied 
to  the  radial  artery  at  the  wrist,  and  a nor- 
mal tracing  taken,  and  then  a piece  of  ice  or 
a quantity  of  cold  water  be  applied  to  the 
elbow,  contraction  of  the  radial  vessel  will 
be  found  to  have  taken  place  when  the  next 
pulse-tracing  is  recorded;  and  this  reflex 
contraction  of  the  vessels  may  be  carried  to 
such  an  extent  as  to  cause  complete  occlu- 
sion of  vessels,  and  consequently  lead  to  the 
complete  arrest  of  the  circulation  over  the 
affected  area.  This  simple  physiological  fact 
would  go  far  toward  explaining  a number  of 
little  mishaps  that  occur  every  summer  dur- 
ing the  bathing  season.  The  temporary  loss 
of  memory  or  even  of  consciousness  that 
sometimes  supervenes  during  swimming  or 
bathing,  can  only  be  explained  by  temporary 
arrest  of  circulation  in  certain  areas  of  the 
brain,  due  to  reflex  contraction  of  the  blood- 
capillaries  caused  by  the  too  prolonged  in- 
fluence of  cold.  It  has  been  experimentally 
shown  by  Magendie  and  Valentin,  that  when- 
ever the  lumina  of  certain  vessels  are  dimin- 
ished, less  blood  flows  through  those  vessels 
in  a given  time,  even  if,  for  the  time  being, 
the  heart’s  action  should  be  increased. 

My  personal  interest  in  bathing  was  aroused 
through  the  intimate  and  practical  relation 
which  it  bears  to  active  exercise.  It  is  well 
known  how  profoundly  circulation  and  respi- 
ration are  influenced  by  the  latter,  and  that 
the  majority  of  those  who  pursue  exercise  of 
almost  any  kind  systematically,  with  a cer- 
tain fixed  purpose  in  view,  also  take  their 
baths  with  great  regularity,  satisfaction,  and 
enjoyment;  thus  the  question  very  frequently 
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arises  as  to  which  is  the  best  form  of  bath  to 
take  after  this  or  that  form  of  exercise.  To 
the  conscientious  medical  adviser  it  is  a mat- 
ter of  some  embarrassment  to  be  obliged  to 
confess  ignorance  in  many  cases.  On  the  one 
hand,  very  little  physiological  work  has  been 
done  with  the  view  of  ascertaining  the  effects 
of  exercise;  and  on  the  other,  the  profession 
is  but  imperfectly  acquainted  with  the  re- 
sults produced  by  bathing:  both  are  pre- 
scribed and  taken  empirically,  and  both, 
therefore,  often  do  a deal  of  harm  instead  of 
being  productive  of  good.  Both  exercise  and 
bathing  being  capable  of  the  greatest  possible 
amount  of  variation,  according  to  conditions, 
the  exact  influence  of  either  upon  the  tissues 
and  their  functions  should  be  thoroughly 
understood  before  one  begins  the  study  of 
their  mutual  relation.  Circulation  and  respi- 
ration being  more  especially  influenced  and 
concerned  in  the  taking  of  exercise,  as  well  as 
in  bathing,  a sphygmographic  investigation, 
while  in  itself  it  can  never  prove  exhaustive, 
ought  to  go  far  in  revealing  many  of  the 
problems  involved;  and  to  present  some  of 
the  results  obtained  from  an  investigation  of 
this  character,  is  the  object  of  this  paper. 

Figures  x,  2,  3,  4 and  5 exhibit  tracings 
obtained  from  several  young  men  in  perfect 
health,  and  taken  with  the  express  view  of 
showing  the  effects  a certain  amount  of  exer- 
cise has  on  the  pulse;  these  were  taken  by 
means  of  a Dudgeon’s  sphygmograph  applied 
to  the  radial  artery  at  the  wrist.  The  exer- 
cise taken,  in  each  instance  after  the  normal 
tracing  had  been  made,  consisted  in  doing 
the  various  strength  tests  prescribed  or  re- 
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quired  by  the  anthropometric  chart  in  use  in 
gymnasia, — these  various  tests,  providing  one 
does  his  best,  call  into  play  all  the  muscles 
of  the  trunk  and  limbs  to  their  utmost  ca- 
pacity of  strength,  if  not  up  to  the  point  of 
fatigue.  While,  therefore,  the  actual  amount 
of  work  done  in  each  individual  case,  and 
expressed  in  kilogrammeters  of  work,  must 
differ  with  personal  capacity,  it  amounts, 
nevertheless,  to  the  best  efforts  of  the  sub- 
ject and  ought,  consequently,  to  affect  all 
alike,  or  as  nearly  alike  as  could  be  expected, 
providing  the  circulation  is  normal  and  the 
anatomy  of  the  heart  and  blood-vessels  per- 
fect. 


Fig.  i. 


Fig.  2. 


Figures  i and  2 represent  typical  pulse- 
tracings  and  show  the  influence  of  exercise 
in  a most  striking  and  unmistakable  manner. 
A,  in  all  the  figures,  exhibits  the  normal,  or 
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a tracing  taken  before  exercise,  while  B rep- 
resents tracings  made  immediately  after  exer- 
cise. As  an  immediate  consequence  of  the 
exercise  it  is  found,  first,  that  the  pulse-rate 
is  quickened;  second,  that  the  up  stroke  is 
considerably  lengthened;  third,  that  the  elas- 
tic after-vibrations  in  the  line  of  descent  of 
the  tracing  are  almost  completely  abolished 
— in  other  words,  that  the  lines  have  become 
much  straighter;  and  fourth,  that  the  entire 
pulse-tracing  looks  much  more  voluminous 
than  under  normal  conditions.  This  collec- 
tion of  characteristics  seems  to  admit  of  but 
one  interpretation,  namely:  it  points  to  a 
dilated  condition  of  the  vessels  and  a conse- 
quent lowering  of  arterial  blood  - pressure. 
The  blood-vessel  walls  are  relaxed,  and  more 
blood  flows  through  the  affected  area  than 
under  normal  conditions,  even  if  the  vessels 
themselves  are  not  completely  filled,  as  they 
naturally  would  be  under  the  normal  or  a 
higher  pressure. 

Figures  3,  4,  and  5,  while  showing  the  same 
general  characteristics  when  tracings  A and 
B are  compared  with  each  other,  also  exhibit 
certain  additional  points  which  are  worthy  of 
consideration.  It  is  found,  in  Figures  3 and 
4 more  especially,  that  in  the  normal  pulse- 
tracing A the  dicrotic  wave  in  the  line  of 
descent  is  unusually  prominent,  so  as  to  give 
the  entire  pulse-tracing  in  some  parts  an  al- 
most completely  dicrotic  character.  Now,  a 
dicrotic  pulse  is  found  in  mitral  insufficiency; 
in  typhoid  fever  during  the  third  week;  as 
the  result  of  a steam  bath;  and  sometimes  as 
the  result  of  a sudden  and  extreme  muscular 
effort, — in  all  these  instances  it  signifies  a 
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lowered  arterial  pressure.  Since  no  mitral 
insufficiency  could  be  detected  in  either  of 
the  two  cases  from  which  the  tracings  repre- 
sented by  Figures  3 and  4 were  obtained,  the 
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Fig.  4. 


Fig.  5. 


only  explanation  of  the  character  of  the  nor- 
mal pulse-tracing  must  be,  either  a naturally 
weak  condition  of  the  muscular  walls  of  the 
heart  and  blood-vessels,  or  some  temporary 
nervous  influence. 

It  is  known  that  the  dicrotic  character  of 


the  pulse  of  typhoid  fever,  as  well  as  that 
produced  by  the  hot  bath,  can  be  made  to 
approach  the  normal  again  by  the  simple  ad- 
ministration of  a moderately  cold  bath.  It 
is,  furthermore,  a matter  of  frequent  observa- 
tion, in  cases  of  mitral  insufficiency  (as  was 
first  shown  by  Oertel),  that  the  dicrotic  pulse 
assumes  normal  characteristics  during  mus- 
cular exercise  such,  for  example,  as  is  involved 
in  a gradual  and  slow  ascent  of  a mountain. 
A dicrotic  pulse  due  to  sudden  muscular 
effort  may  be  restored  to  the  normal  by  a 
cold  bath.  In  all  these  instances  of  restored 
normal  movement  we  find  a muscular  ele- 
ment in  constant  play:  in  one  case  the  mus- 
cular tone  is  increased  by  the  administration 
of  a cold  bath,  in  the  other  by  a gentle  sys- 
tematic form  of  exercise.  It  is  unnecessary 
to  dwell  further  on  the  fundamental  signifi- 
cance of  these  apparently  simple  facts. 

Any  one,  after  a careful  examination  of 
Figures  i,  2,  3,  4,  and  5 — showing  the  differ- 
ent effects  on  the  circulation  produced  by  the 
same  exercise  on  different  individuals — will 
not  only  see  the  great  necessity  for  further 
investigation  of  this  subject,  but  must  begin 
to  appreciate,  as  never  before,  the  desirability 
of  a high-grade  medical  supervision  in  the 
administration  of  gymnastic  exercises  to  both 
young  and  old. 

Having  now  considered  the  more  striking 
features  of  the  effects  produced  by  a certain 
well  defined  form  of  exercise  on  the  circula- 
tion, so  far  as  these  can  be  ascertained  by 
the  simple  means  of  a sphygmograph,  let  us 
proceed,  after  the  same  manner  and  by  the 
same  means,  to  study  those  produced  by 


water  of  certain  stated  degrees  of  tempera- 
ture. 

The  two  pulse-tracings,  A and  B,  of  Figure  6, 
were  obtained  from  a perfectly  healthy,  rather 
athletic  young  man,  of  small  stature,  about 
eighteen  years  of  age.  His  normal  pulse  at 
the  wrist  is  represented  by  tracing  A,  while 
B was  obtained  immediately  after  an  expo- 
sure of  his  entire  body  to  a needle  douche  of 
the  temperature  of  520  F.  for  a period  of 
fifteen  seconds.  It  will  be  observed  that  the 
immediate  effect  of  the  cold  water  in  this 
form  on  the  pulse  was:  first,  a slowing  of  the 
rate;  second,  quite  considerable  shortening 
of  the  up  stroke;  third,  a diminished  dicrotic 
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wave;  and  fourth,  elastic  vibrations,  if  any- 
thing, rather  increased  in  number  and  extent. 
All  these  observed  characteristics  indicate  a 
strong  contraction  of  the  vessels,  an  increased 
arterial  pressure,  and  less  blood  flowing 
through  the  area  thus  affected. 

If,  now,  we  compare  the  tracings  A and  B 
of  Figure  6 with  the  corresponding  tracings 
shown  in  Figure  1 — which  latter  exhibit  the 
immediate  effects  of  exercise, — the  contrast 
shown  to  exist  between  the  two  could  hardly 
be  more  striking  nor  more  easily  recognized. 
The  two  conditions  thus  described  are  not 
only  entirely  different,  but — what  is  of  still 
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greater  significance — they  are  of  a diamet- 
rically opposite  nature.  Any  further  attempt 
at  explanation  of  the  conditions,  so  plainly 
shown  by  the  simple  comparison  of  the  re- 
spective tracings  in  these  two  figures,  is, 
consequently,  superfluous.  The  refreshingly 
agreeable  effect  of  a cold  douche,  taken  after 
exercise,  is  thus  very  strikingly  shown  to  be 
one  (in  great  part  at  least)  of  the  opposite 
effects,  physiologically  speaking,  which  either 
produces  on  the  organs  of  circulation. 

The  tracings  A and  B in  Figure  7 show  a 
different  state  of  things  when  compared  with 
the  tracings  in  Figure  6.  These  were  taken 


Fig.  7. 


from  a young  man  of  very  good  physique 
and  in  perfect  health,  aged  seventeen  years. 
A represents  a perfectly  normal  pulse;  and 
tracing  B,  taken  immediately  after  a plunge 
and  swim  for  twenty  seconds  in  water  of  450 
F.,  shows  the  effects  of  both  cold  water  and 
the  exercise  on  the  pulse.  The  normal  pulse 
was  changed  into  a dicrotic  one,  and  its  rate 
considerably  increased;  arterial  pressure  was 
lowered,  the  vessels  incompletely  filled  with 
blood  and  actively  dilated,  through  direct 
stimulation  of  the  vaso-dilators  by  the  sud- 
den application  of  rather  cold  water  to  the 
entire  body.  A mere  glance  at  Figures  6 
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and  7 shows,  as  well  as  one  could  wish,  the 
totally  different  results  on  the  circulation 
produced  by  cold  water  administered  in  dif- 
ferent ways.  Without  a close  analysis  and  a 
knowledge  of  the  physiological  effects  pro- 
duced by  both  exercise  and  water  on  the 
circulation,  an  intelligent  interpretation  of 
the  difference  existing  between  the  tracings 
B of  both  figures  would  be  absolutely  im- 
possible. Thus  it  is  plainly  seen  how  the 
subject  widens  even  when  viewed  from  the 
threshold,  and  the  apparently  simple  act  of 
administering  a bath  assumes  a much  more 
complicated  character  than  was  supposed. 
These  tracings,  moreover,  are  not  mere 
freaks,  but  recur  time  and  again,  providing 
the  conditions  under  which  the  observations 
are  made  are  exactly  alike.  The  complicated 
nervous  mechanism  involved  in  their  produc- 
tion reacts  with  wonderful  delicacy,  prompt- 
ness, and  uniformity.  In  the  two  preceding 
figures  the  effect  of  water  on  the  pulse  is 
shown  without  any  exercise  intervening  be- 
tween the  two  observations,  represented  by 
tracings  A and  B respectively.  Now  insert 
a certain  amount  of  active  exercise  between 
the  normal  tracing  and  the  one  taken  after 
the  bath  or  plunge,  and  see  what  their  mutual 
relations  are: 

In  Figure  8,  the  normal  pulse-tracing  A 
was  taken  from  a vigorous  and  perfectly 
healthy  young  man,  aged  seventeen  years;  a 
moderately  quick  run  of  a quarter  of  a mile 
followed,  in  a well  ventilated  gymnasium  and 
over  a well  constructed  running-track,  after 
which  tracings  B and  C were  immediately 
taken;  and  tracing  D was  obtained  imme- 
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diately  after  an  exposure  of  the  nude  body  to 
a shower  and  needle  douche  of  fifteen  sec- 
onds’ duration,  the  temperature  of  the  water 
registering  590  F.  A shows  the  characters  of 
a perfectly  normal  pulse,  while  B and  C both 
exhibit  a marked  and  dicrotic  phase  in  the 
pulse,  and  also  a varying  arterial  pressure 
synchronous  with  the  quickened  respiratory 
movement  incident  to  running;  and  in  D there 
is  a most  decided  approach  to  the  normal 
tracing  A. 
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When  one  reflects  upon  the  great  change 
from  the  normal  which  the  pulse  underwent 
during  this  run,  as  shown  in  B and  C,  and  its 
prompt  restoration  to  the  normal  by  exposure 
to  a shower  bath  of  but  fifteen  seconds’  dura- 
tion, he  may  perhaps  gain  some  idea  of  the 
physiological  fitness  of  things. 

Figure  9 exhibits  three  tracings  obtained 
in  the  same  manner  as  the  foregoing,  with 
the  important  exception  that  a cold  immer- 
sion was  taken  immediately  after  the  run, 
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instead  of  a shower  bath,  and  also  that  the 
run  was  much  slower  in  this  case;  the  plunge 
merely  amounted  to  a momentary  immersion 
into  a pool  of  water  of  the  temperature  of 
450  F.,  no  attempt  at  swimming  being  made, 
the  object  being  to  eliminate  as  much  as  pos- 
sible the  effects  of  the  exercise  and  to  get 
the  first  effects  of  the  water  alone.  Here  is 
an  example  of  the  powerful  constricting 
effect  which  cold  water  exerts  on  the  blood- 
vessels, shown  in  tracing  C,  otherwise  also 


Fig.  9. 


plainly  indicated  by  the  blanching  of  the 
entire  skin,  but  no  attempt  on  the  part  of  the 
pulse  to  assume  normal  proportions. 

Tracings  A,  B,  and  C^of  Figure  10,  were 
obtained  under  conditions  similar  to  those  of 
Figure  9;  the  run,  however,  was  rapid,  and 
was  finished  in  half  the  time.  Tracing  A 
does  not  fulfill  the  requirements  of  a per- 
fectly normal  or  typical  pulse  at  the  wrist; 
but  that  the  character  of  this  pulse,  as  shown, 
is  peculiar  to  the  individual,  is  proved  by  the 
fact  that  repeated  observations  made  months 
apart  always  gave  the  same  pulse-tracings. 
Tracing  B brings  out  in  a still  more  striking 
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manner  than  Figure  9 the  influence  of  a quick- 
ened respiration  on  arterial  pressure  incident 
to  running. — I do  not  remember  of  ever  hav- 
ing seen  these  respiratory  undulations  more 
distinctly  shown.  In  tracing  C,  taken  after  a 
plunge  and  swim  of  fifteen  seconds’  duration 
in  water  having  a temperature  of  520  F.,  is 
again  shown  the  preponderating  influence  of 
the  cold  water  without  any  sign  of  an  ap- 
proach on  the  part  of  the  pulse  to  the  nor- 
mal. 


Fig.  10. 


Thus  far,  then,  these  observations  would 
show  that  the  administration  of  a shower 
bath  after  exercise  would  be  much  more  in 
accordance  with  the  indications  and  the  re- 
quirements than  that  of  a sudden  plunge  into 
cold  water. 

The  tracings  in  Figures  n,  12  and  13  were 
all  obtained  from  members  of  a swimming 
class.  Tracing  A in  each  represents  the  nor- 
mal pulse,  taken  before  swimming;  B,  the 
pulse  after  they  had  been  in  the  water  from 
fifteen  to  twenty  minutes.  The  temperature 
of  the  water,  taken  fifteen  minutes  before  the 
swimming  began,  was  82°  F.  and  felt  pleasant 
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and  agreeable  to  the  skin.  There  is  but  little- 
departure  from  the  normal  pulse  in  each  case 
— they  all  show  the  same  reduction  in  the 
volume. 

Owing  to  very  limited  opportunities  afforded 
this  year  of  making  further  and  more  detailed11 
observations  with  regard  to  swimming,  my 


Fig.  ii. 


Fig.  12. 
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Fig.  13. 


studies  in  this  direction  remain  incomplete. 
But  enough  has  been  said  and  done  not  only 
to  direct  attention  to  the  great  importance  of 
the  subject,  but  also  to  point  out  to  those 
more  especially  interested  the  opportunities- 
for  further  research  in  this  direction. 


U S.  S.  Raleigh. 


